257.7 meters of track length was followed and 631 interactions were picked up. These events have been separated into n-AgBr and tz -CNO groups of nuclei on the basis of Lohrmann et al. selection criterion and also on the assumption that the overall numbers of events belonging to AgBr and CNO nuclei are governed by the geometrical cross-sections. The results regarding the mean multiplicity, angular and momentum distributions are similar in the cases of the above said selection criteria and lend some support to the inter-nuclear cascade model. § 1. Introduction
§ 1. Introduction
With the help of nuclear research emulsion, we can investigate the mechanism of pion pro duction at high energies with target nuclei widely separated in the periodic table. Leaving apart free hydrogen, the emulsion contains mainly two groups of nuclei, viz. CNO and AgBr with average atomic weights 14 and 94 respectively. A study of interactions of high energy pions and protons with emulsion nuclei, therefore, can provide a detailed knowledge about the production mecha nism of mesons in light and heavy nuclei.
The problem of separating target nuclei in CNO and AgBr groups is quite formidable and in general unambiguous separation is difficult to achieve. Two different methods have been commonly employed by various authors. One is due to Friedlander1} and depends entirely upon the number of heavy prongs (Nh) emitted in an interaction.
The other has been given by Lohrmann et al.2) and depends upon the exist ence of Coulomb barrier in the case of low excited AgBr nuclei as a result of which particles having energy less than a certain minimum energy are not likely to be emitted, whereas there is no bar on the emission of such particles from the CNO group of nuclei. We have preferred to adopt the latter criterion because it is somewhat less arbitrary. However, by assuming that events with Nh> 1 definitely belong to AgBr group and that the overall numbers of events belonging to AgBr and CNO groups are governed by the inter action cross-section with emulsion nuclei being geometrical, we have obtained results which are not different from those obtained on Lohrmann's selection criterion.
The results obtained on pion production in complex nuclei have been sought to be explained on the basis of (1) Inter-nuclear cascade and (2) Tube models of meson production. In the cas cade model it is assumed that there are two or more successive collisions in the target nucleus, whereas the tube model3>4) is based on the as sumption that there is a single collision between the incident particle and a tube of nucleons acting as a single target. Friedlander1} and BarbaroGaltier et al.b) obtained results on the interactions of protons with emulsion nuclei and explained them on the basis of tube model. The apparent support that these results give to the tube model may be attributed to their different selection criterion which is entirely based upon Nh values. As discussed in § 3 this selection criterion is not satisfactory and has to be modified. The quali tative disagreement with this model has, however, been shown to exist by Barashenkov et alQ>7) in their studies of the proton-nucleus interactions. We also find that our results show better agree ment with the cascade model than with the tube model. Wherever possible we have compared our results with 24-25 Gev proton-nucleus inter actions, 8) in which case the energy available in centre of mass is almost equal to that in our experiment. The two types of interactions are, therefore, likely to show similar behaviour, which indeed has been found to be the case. § 2. Experimental Details A stack of Ilford G. 5. emulsions of the size 23 cmx 15cmx600pm was exposed to (17.2 + 0.02) Gev beam at CERN. The average flux was 4x 104 cm-2 and the angular spread in the vertical plane was +5mr.
The beam tracks were followed until they interacted or left the plate. The total magification used for scanning was 1000 X and the scanning rate was 25 cm/hr. The total track length followed was 257.7 meters and 631 inelastic interactions were picked up. The anugular and energy measurements were performed upon Koristka B-4 microscope. The space angles have been measured for all the shower and grey tracks to an accuracy of 20'. The energy measurements have been made upon only those tracks which had a minimum projected track length of 5 mm in case of showers and 2 mm in the case of greys in the scanned plate. A geometrical factor was attached to each accepted track in order to compensate the loss of unscat tered trackes due to finite thickness of the plates. The maximum statistical error in energy measure ment is 25%. § 2. Selection Criterion
To know exactly what nucleus has disintegrated in a particular interaction in complex nuclear emulsion is almost an impossible task. At the most we can separate the target nuclei in the two groups viz. CNO and AgBr. The experi mental result which greatly helps in this respect is the number of heavy prongs Nh which are emitted from the target nucleus. Those inter actions which have Nh > 7 almost definitely be long to AgBr group, for it has been experimentally verified that for CNO group maximum value of Nh greater than six is rather improbable. But the interactions for which Nh < 6, the target nuclei may also belong to AgBr group if the collisions are non-centric and the excitation energy supplied to the nucleus is small. It is for such interactions in which heavy prongs emitted are upto six, that a reasonable selection criterion is needed to separate events in the two groups.
Friedlander has adopted a criterion which is based on the following ad hoc assumptions: 1. Target nuclei belong to CNO group if 2 < Nh < 4., 2. and they belong to AgBr group if Nh > 7.
This criterion does not take into account the events with Nh=5 or 6 which may belong to both the groups and the fact that about equal per centage of events with Nh=2 to 4 may belong to AgBr group. Because of above reasons this selection criterion has been criticised by Barashenkov et al., 7) Meyer et al. 8) and Tolstov.9) The second selection criterion is due to Lohrmann et al. and is based upon the existence of Coulomb barrier in the case of not strongly excited heavy nuclei which prevents the emission of low energy particles from them. As discussed in (2) the existence of Coulomb barrier in the case of AgBr nuclei having Nh < 6 inhibits the emission of particles with track lengths <65 /j which corre sponds to 2. 10) calculated the low energy protons and a particles coming out of proton collisions with Ag nuclei at an energy of 190 Mev. They have estimated that the fraction of events which have a proton or a particle of track length <65 is 20%. To this extent, there fore, the selection of events according to as sumption (ii) is in error. Lohrmann et al. has also concluded from a study of black prongs in a sample of showers that the magnitude of this error is of the same order. The assumption (i) is also not very rigid and may contribute an error upto 50%.
In the present investigation a total of 631 inter actions have been analysed. On the Lohrmann et al. criterion 422 events were found to belong AgBr group and 124 to CNO group. The rest of 85 events are of the type 0+l+/zs and 0+0+w8 and have not been included in this investigation for star production is geometrical i.e. it is proportional to A2/3. While investigating the behaviour of the events with Nh < 6 as a separate group, we found that overall properties of the events were similar irre spective of the nature of the nucleus attributed to each event on the basis of above selection criterion. This behaviour was of course quite different from the events with Nh > 1 i.e. genuine AgBr events. It was, therefore, fair to assume that the events with Nh < 6 show the typical behaviour of the CNO group. On the other hand to obtain unbiased results of AgBr group, the results obtained only on the basis of events with Nh > 7 must be modified because of some of the AgBr events belong to Nh < 6 group (even though they show the same multiplicity, angular distri bution etc. as the CNO group). This modification may be done assuming that the overall number of events must be equal to the number expected on the basis of interaction cross-section with emulsion nuclei being geometrical. On this as sumption 65^ of the total number of events i.e. 410 events should belong to AgBr group. Thus to obtain unbiased results on the overall sample, the results obtained from 224 AgBr events with Nh>l should be modified with 186 (410-224) AgBr events with Nh < 6, though having the same properties as the CNO group. Hereinafter we mention the results derived on the above basis as those obtained from "geometrical cross sec tion". Employing this criterion, we avoid the necessity of invoking some empirical selection criterion like that of Friedlander or Lohrmann et al. § 4. Experimental results
Mean multiplicity
The mean multiplicity for light and heavy nuclei are reported in table II. The results based upon cascade and tube models have also been displayed. These theoretical values have been Figure 1 shows the dependence of <W> on ns for the light and heavy groups of nuclei. In the case of CNO, <(_Nh) is independent of number of showers produced in an interaction. The value of correlation co-efficient (r)* between <(Nh> and n3 for the light nuclei is .07. In case of CNO events obtained on the basis of geometrical crosssection, the value of r is .05.
Variation of <fNhy with ns
One may expect a constant value of (N}f> irre spective of ns in the case of CNO nuclei on the assumption that the atomic masses of such nuclei * The correlation co-efficient r is given by are small (12) (13) (14) (15) (16) . These nuclei can completely disintegrate with small energy supplied to them. So in these cases, the effect of multi-nucleon interactions does not matter, because the first pion-nucleon collision is sufficient to disintegrate the nucleus. Figure 1 also shows the linear rise in (Nhy with the increase in number of shower particles produced in AgBr group. The corre lation co-efficient between <A+> and ns is +0.42. This rise in the mean value of with ns may be explained on the basis of increase of secondary interactions due to inter-nuclear cascade produced in the heavy nucleus. Since the atomic weight (A=94) for AgBr nuclei is quite large, there is an increase in the value of Nh (excitation) with the increase in number of collisions taking part in the nucleus (ns). Similar results were reported at 25 Gev p-nucleus interactions by Meyer et al.
Angular distribution in lab. system
The values of median angles (0i/2) for AgBr and CNO groups of nuclei are reported below. Figure 3 shows the total energy distribution of pions emitted from CNO and AgBr groups of nuclei in lab. system. Both the distributions be have almost in the same manner within the The experimental results presented in the last section show how the disintegrations produced in CNO groups differ from those of AgBr group. Obviously this difference in the behaviour of these two groups of nuclei arises from their widely different atomic weights. Whereas the targets belonging to CNO group are likely to be com pletely disintegrated by the very first interaction, there might occur more than one collision in the case of heavier AgBr nuclei. Thus there are greater chances of inter-nuclear cascade being built up in AgBr nuclei than in the nuclei of CNO group. This picture explains qualitatively why <hs> is higher, (0i/2) is larger and <iVA> in creases linearly with ns in the case of interactions taking place with AgBr nuclei.
Energy and transverse momentum distri butions
Then the question arises if on the basis of these results we can distinguish between the two models of meson production viz. the hydrodynamical or tube model and the cascade model, which have been proposed to explain the above results. Though a positive answer to the above question is difficult to give, the totality of results seem to be in better accordance with the cascade model than with the tube model. Observed mean multiplicities <hs> (Table II) are close to the values expected on the basis of the cascade model than with the predictions of the tube model. Also the variation of <hs> with the atomic weight 4 A ' is found to be (/2S)=3.4A°-13±0-02, whereas on the basis of tube model the expected variation comes out to be <fjs)=KA°'19. The angular distribution also follows the predictions of cascade model.
Notwithstanding the above results (which are more or less tentative in nature) one should be very careful in drawing any rigid conclusions because of two reasons. Firstly, the separation of events in the two categories is not devoid of ambiguity. As discussed in § 3, the AgBr events which have been selected on the basis of absence of minimum track length (65 p) may be in error upto 20%'. Similarly about 50% of CNO events may also belong to AgBr group. In fact it has been shown that the behaviour of events separated on the basis of geometrical cross-section ( § 3) in AgBr group and CNO group behave exactly in the same way as AgBr and CNO interactions separated on the basis of Lohrmann selection criterion.
Secondly, at these high energies the internuclear cascade is expected to be confined to a very narrow cone effectively of the same di mensions as the tube in the tube mechanism. The only difference in the two models is that in the case of tube model the interaction takes place with the part of the nucleus in the tube forming a Coherent excited system as a whole, whereas in the cascade mechanism the successive inter actions occur with the individual nucleons in the tube. At such high energies the parameters of the outgoing particles are not likely to be very sensitive to the nature of mechanism giving rise to them. Finally, it must be mentioned that the tube model is supposed to be a good approxi mation at extremely high energy region but it has been discussed in this paper wheather it can be applied to the present energy region or not. n is the average multiplicity, p and are the mean total and mean transverse mo menta of secondary particles produced. 6i (deg) is the median angle. The indices s and g denote the corresponding quantities of shower and grey particles. 
INTRODUCTION
Various authors have investigated the behaviour of transverse momen tum (p^) of secondaries from N-N and tt-N collisions at both accelerator and cosmic ray energies. It has been found that the transverse momentum distribution is quite regular in its behaviour and the angles and energies of the secondary particles are correlated in such a way as to make the aver age value of pi almost constant (300 to 400 MeV/c) independently of primary energies.
In the present investigation, the experimental results have been sought to be explained on the basis of the isobar model. The definite structure of the nucleon has also been incorporated.
EXPERIMENTAL DETAILS
A stack of Ilford G.5 emulsions of the size 23 cm x 15 cm and of thick ness 600 ji was exposed to (17.2 ±0.2) GeV tt" beam at CERN. The total track length followed was 470.7 meters and 1166 interactions were located. The total magnification used for scanning was 1000 x and the scanning rate was 25 cm/h. 169 pure pion-nucleon inelastic interactions were sorted out of these 1166 events which were of the type 0+0+% and 0+1+% with (effective target mass) Mrr x IM^.
TRANSVERSE MOMENTUM DISTRIBUTION OF PIONS
The average value of obtained in the present investigation along with those obtained at various incident pion energies have been listed in table 1. The average transverse momentum for protons is (445 ±111) MeV/c. The statistical errors shown in the present investigation are based upon the actual number of tracks upon which the scattering measurements have been carried out, whereas the average value is given on the basis of the total number of tracks after taking geometrical factors into consideration. Where pQ and a are constants and are connected with (p^) by the relation
In a paper on p± distribution of pions from cosmic ray jets, Imaeda et al. [7] concluded that (LD) is in better agreement with the experimental results. Aly et al. [8] on the other hand applied (B.D.) and found that this distribution gives satisfactory results in the primary energy interval of 16 to 1000 GeV. Fig. 1 shows that our experimental distribution is in better agreement with the linear exponential distribution. 
DEPENDENCE OF (pt) ON
The various values of {p\) at different ns have been reported in table 2. The values of (p£ for ns ^ 2 are comparatively smaller as compared with those for ns ^ 3, At 4.4 GeV [6] no noticeable dependence of (p{) on ns was observed.
5. VARIATION OF pt WITH 6* 
TRANSVERSE MOMENTUM OF PIONS FOR 77-77 AND 77-CORE EVENTS
One can separate the pure pion-nucleon interactions into two groups i.e. 7T-71 and 77-core interactions on the basis of effective target mass. The 77-77 events have < 1M^. Here one assumes that the incident pion interacts with a pion of the pion cloud surrounding the dense nucleon core, tt-core events are characterised by the direct interaction of the incident pion with the core itself. Out of 169 pure pion-nucleon interactions, there are 102 events belonging to tt-tt interactions and 67 to 7r-core interactions.
The average values of pt for tt-tt and 77-core events are:
(pt) = 195 ± 21 MeV/c and (pt) = 412 ± 45 MeV/c. Grote et al. [4] at 7 GeV have also obtained almost similar values of (p^ for tt-tt and 77-core events. Fig. 3 shows the normalised distribution for tt-tt and 77-core events. The distribution of pions due to tt-tt events are mainly confined in a narrow range, whereas for 77-core events, the distri bution extends up to 1 GeV. The smooth curves are due to eq. (1) and they fit better individually in the cases of tt-tt and 77-core events than in total sample of pure 77-nucleon interactions ( fig. 1 ). According to above conclusions one can say that at an incident energy a. high as 17 GeV in the present investigation, all the well known nucleon and pion isobars are excited. There is enough experimental evidence [9] also that at these high energies, the pion isobars play quite a prominent role in the production of pions in the case of tt-N collisions.
TT-TT

77-core
The general behaviour of transverse momentum along with its average value may be explained by taking suitable combinations of expected values of (ft) for various assumed decay schemes of both light and heavy isobars.
It may be possible now to explain the behaviour of (ft) with emission angle 0* ( fig. 2) . At smaller angles, the contribution to (ft-) comes from th boson states which move in forward direction giving smaller (.ft.). As 0* in creases, the pions from heavier isobars start contributing to average transverse momentum. Our experimental observations again show a tende cy of ft to decrease in the extreme backward direction. It may be due to a possible decay of N* going to nucleon and boson state (e.g. N* N+tt*). Here 7r* shall move relatively in the backward direction yielding smaller values of (ft) at extreme values of 0*.
The average transverse momentum for n-u events is (195 ±21) MeV/c and for 7T-core events, it is (412 ±45) MeV/c. Such a behaviour of ft may e explained on the basis that in 77-77 events, the nucleon does not go to an xcited state and simply recoils and only boson states contribute. The verage transverse momentum in the case of 77-core events is the net conribution from light and heavy isobars. The other consequence of this picure is the lack of dependence of (p£ on emission angle in lab. system in ase of Tf "7i events and linear rise of (p^ with increase in angle in case of -core events. Actually such a behaviour has experimentally been observed n the present investigation (table 3) .
With the aid of the uncertainty relation, one can find the lower limit to he radii of the regions in which the 77 Another important fact is the dependence of (p£ on nQ. Table 2 
EXPERIMENTAL DETAILS
A stack of Ilford G.5 emulsions of the size 23 cm x 15 cm and of thickness 600 fim was exposed to (17.2 + 0.2) GeV tt~ beam at CERN. The total track length followed was 470.7 meters and 1166 interactions were located. There were 221 events of the type 0 + 0 + ns and 0+l + ^s. Multiple Coulomb scatter ing measurement was performed upon all the secondary shower tracks emit ted from these 221 events having projected length ^ 5 mm in the scanned ate. For greys, the restriction on minimum projected length was reduced 2 mm. All the secondaries thus selected were identified from p/3-ionisaon plot. The space angles of all the secondary tracks were measured up an accuracy of 1°.
.
SELECTION OF CENTRAL AND PERIPHERAL INTERACTIONS
One can estimate the mass of the target particle purely from the con ervation laws of energy and momentum. From these laws one can define target mass as
i here Ef,pf and Of denote the total energy, momentum and angle of emision in the lab system with respect to the direction of the incident particle espectively of the ith particle given out in the interaction, and E0,p0 repesent the energy and momentum of the incident particle. The target mass ^ does not depend upon any model and its concept is entirely kinematical n nature. For very high incident energy EQ-p0 « 1, we have Mj. = E (Ef -pi cos Of).
(2) i
In case of pion-nucleon collisions, we have
here M^ denotes the mass of the nucleon, subscript p denotes the recoil arget nucleon and £• denotes the summation of over-all secondaries except he recoil nucleon. The effective target mass, ikfrp, is defined as
hus Mrp denotes the mass of the nucleon which actually participates in the roduction of secondaries, mainly pions. The experimental difficulties in the direct determination of Mrp are twoold. Firstly the angles of emission and the momenta carried by neutral articles are unknown and secondly all the emitted charged shower particles re not amenable to scattering and ionisation measurements. In view of hese difficulties we have followed after Lim [3] , an empirical method to etermine M^.
According to this method a quantity 5j, defined as is computed for all the secondary shower tracks coming from an interact' only on the basis of emission angle Oj in lab system. The summation of 6 26j, is connected with M^p by a constant conversion factor K = Mp/26^. Fig. 1 shows the 26 distribution for events belonging to the 0+0+ns a 0+ 1 + ns type with ns > 2. The value of the conversion factor K = 0.45. There are two peaks in the 26 distribution. One occurs at Mp = and t other at Mp = This structure in the Mp distribution of pure pion-nucleon events has also been observed by several authors [1] [2] [3] [4] , while study ing 77-N and p-N interactions at accelerator and cosmic ray energies. Co sidering the accepted picture of the nucleon as consisting of dense core s rounded by a virtual pion cloud, and the observed distribution in Mp, it c be thought that we are dealing with two different types of interactions. Th events which have Mp ^ Mn are those in which the interaction takes place *2 S 12 ± 0.21) . These values are slightly less than tt-ti multiplicity in the present investigation. It may be due to the presence of 77-77 events in the case of 6.2 GeV and 4.4 GeV interactions, which tends to lower the averag energy available in the c.m. system for these events.
ANGULAR DISTRIBUTION OF SECONDARIES IN THE LAB SYSTEM
The median angles of 77-77 and 77-core events are respectively.
The secondaries from it-tt interactions are confined in much smaller cv, than those from 77-core interactions.
Another way to study the angular distribution is to plot the differential distribution in logtg 6. It can be shown [8] that if the particles are emitted isotropically in the c.m. system and j3c/j3* = 1, i.e. the ratio of the veloci of the c.m. system to that of the particles in the c.m. system is equal to unity, the logtg 9 distribution will be a Gaussian centred around -log yc# where yc m is the Lorentz factor of the c.m. system. .
ANGULAR DISTRIBUTION IN THE c.m. SYSTEM
The overall sample of 169 pure-pion nucleon events in the 77-N c.m. sysem are highly asymmetric. The value of asymmetry defined as the ratio of umber of forward to backward going pions from these events is 2.0. Figs, and 5 show the angular distribution for 77-77 and 77-core events respectively, he values of asymmetry in the case of 77-77 and 77-core events are 0.98 and .40 respectively. The presence of asymmetry in the case of 77-core events ay be attributed to the presence of persisting pions which move in the lab ystem at relatively smaller angles and carry most of the incident energy, hese tracks shall be collimated in the forward direction in the c.m. system, f the contribution of these 66 persisting pions is also excluded from the orward moving pions in the case of 77-core interactions, the value of asymetry reduces from 1.40 to 0.90 which corresponds to almost a symmetric istribution.
. 
ENERGY OF PIONS IN THE
DISCUSSION
The various results regarding peripheral (71-77) and central (77-core) in teractions have been dealt in the last sections. The behaviour of these two types of interactions differs from each other in almost every respect and i seems legitimate to assume that entirely different physical processes are involved in their production. One possible interpretation is that in 77-77 eve incident pion interacts effectively with the virtual pion surrounding the cor of the nucleon and in 77-core events the effective target is the core of the n cleon itself.
Kaplon and Shen [9] have discussed how far it is justified to treat event with effective target mass Mx ^ Mn as 77-77 events. According to these au thor d the fact that in certain cases p turns out to be equal to the pion ma may not necessarily mean that the effective collision is only with a virtual pion. For they argue that may arise because of the fact that four momentum transfer in such collisions is of the order of one nucleon mass and (Ep -pp cos Op) [see eq. (3)] is of the order of half a nucleon mass.
In this connection we have studied the distribution of (M^ -(Ep -pp cos for all the 169 events wherever the outcoming proton could be isolated. Th average value of this quantity turns out to be half a nucleon mass, but othe wise it shows a similar distribution to M*p ( fig. 1 ). Fig. 7 shows the exis tence of two peaks in the distribution of (MN -(Ep -bp cos 0p)) at the ex- 
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ig. 7. Differential distribution in cos 0p)) for protons isolated in the resent investigation (shaded portion). The total histogram is due to protons picked rom present investigation along with those from the interactions at 8 and 7.5 GeV pi on-nucleon interactions.
peeted values of target masses corresponding to a pion mass and a nucleo mass. In order to increase the statistics, the final histogram is due to pr tons from 500 77-N interactions at 8 GeV (ref. [10] ) and 7.5 GeV (ref.
[1]) along with the present work. It may also be noted that if the interaction is assumed to be with a free pion, the kinematical considerations [eq. (2)] re quire that S6 should be equal to 0.66. Fig. 1 shows a peak in the interval 0-0.5, which qualitatively agrees with the above result on the assumption that nucleon also share some energy being losely bound with the interacti pion. Even the four-momentum transfer in 77-77 events is quite less. Kaplo and Shen also observe that if the collision is readily with a target pion, th value of yc#m#, the Lorentz factor for centre of mass should be centred around rc.m. anc* they tind ^ *s n°t so* We, however, find that for our sample of 77-77 events, the peak is around -log yc.m. as can seen from logtg 9 distribution (fig. 3) . The absence of peak at 7c#m# =9 in the case of Kaplon and Shen may be because of the fact that in their method the histo gram is plotted only for events with ns ^ 4, whereas 77-77 events are main! confined in the lower values of multiplicity ( fig. 2) .
Further, the pure pion-nucleon interactions are highly asymmetrical in the 7i-N c.m. system. This asymmetry has been shown to be due to the pr sence of tracks due to 77-77 events and also due to persisting pions (sect. 6). The 77-77 and 77-core events are symmetrical in their own c.m. systems. The logtg 6 distribution suggests that these persisting pions are not create pions and are emitted at relatively smaller angles (^ 8°) and carry most the incident energy. The degree of persistence in the present case is 0.39 and this value increases with increase in incident energy.
In view of the above considerations it seems quite justified to consider that the nucleon has a definite structure. The incident pion may interact with the central core of the nucleon or with the virtual pion surrounding th< central core itself. The behaviour of the transverse momentum which has been presented in a separate paper [5] also suggests the same results.
The author is thankful to Dr. I. S. Mittra for discussion of results.
Introduction
The inelastic interaction of high energy pions with nucleus can be broadly divided into two groups. One, in which the pion interacts with individual nucleons in the nucleus, as the wavelength of high energy pions is of the order of the size of the nucleon. This results in pion production, excitation and subsequent evaporation of the nucleus. The other kind of interaction is that in which interaction takes place with the nucleus as a whole. The later process is known as the coherent interaction. It was suggested by Feinberg and Pomeranchuk,1 and Good and Walker2-3 that coherent inter action of pions with nucleus can result in emission of pions. The inelastic coherent interaction with nuclear field is called diffraction dissociation whereas the interaction with Coulomb field is termed as Coulomb dissocia tion. Detailed theoretical analysis of these interactions haye been reported by Drell,4 Mathews and Salam, 5 Zhizhin el aU' and Belenkii.7 It has been suggested that the cross-section for production of these events is a function of the charge of the target nucleus. Nuclear emulsion has an advantage of providing targets of high charge and is quite a convenint technique for the study of these coherent events. The production of pions by the diffrac tion and Coulomb dissociation of pions at energies ranging between 14-18 GeV has been studied in Nulcear Emulsion8-11 and heavy liquid Bubble Chamber.12-13
D. P. Dubey and others
In this paper we report the analysis of 3 prong events identified as coherent interaction selected from the events of the type 7t~ + Nucleus -> 7T~ + 77+ + 77" + mr° + Nucleus.
The results obtained have further been compared with the values reported by various workers using Nuclear Emulsion and Bubble Chamber techniques.
Experimental Details
A stack of Ilford G.5 emulsions of thickness 600 fi and of the size 23 cm.
x 15 cm. was exposed to 17-2 GeW-beam at CERN. The average flux was 4 X 104cmr2. 471 meters of track length was followed and 1166 events were picked up. The total magnification used for line scanning was 1000 x and the scanning rate was 25 cm./hr.
There were 27 events which satisfied the following criteria:
(a) no heavy prong (Nh == «b + %) associated with the event, (b) the number of charged relativistic secondaries was three, (c) no electron track or recoil associated with the event.
These 27 events have been termed as 'clean' events. There is another sample of 45 events with N;z < 3 and ns -3. These events do not include the 'clean' events and are called 'dirty' events. These events are essen tially not due to coherent production of pions.
The angular and energy measurements have been carried on Koristka R-4 microscope. The tracks having minimum projected length equal to 5 mm. in the scanned plate have been accepted for scattering measurements. The remaining tracks were assigned energies from the consideration of emission angles alone. The number of such tracks was, however, less than 20% of all the charged secondaries.
Search for Coherent Events
3.1. 2 sin ai distribution.-Since the nucleus remains in the ground state before and after the interaction, the momentum transfer to it, is small and also the point of momentum transfer is localised outside the nucleus. This condition roughly puts an upper limit to the longitudinal component of the momentum transfer (gn). From uncertainty principle one finds that the value of qu should be less than or equal to R_1 = where R is / Pions
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the radius of the nucleus and A its mass number. For carbon nucleus qn should be less than or equal to 60 MeV/c and its value is still smaller in case of heavier nuclei (AgBr).
It can be shown14 that this condition can be satisfied only by the events which undergo the following conditions:
where <h is the angle between the direction of the incident pion and the z'-th particle in the laboratory system.
The Coulomb dissociation is more prominent when the charge of the target nucleus is very high. So the main contribution to the cross-section for such events is due to the collisions with heavier nuclei (AgBr) for which qu ~ 30 MeV/c. Thus, for Coulomb dissociation, we expect 2 sin ai < 0-22.
On the other hand the diffraction dissociation is expected to take place with semi-transparent nuclei (CNO). In this case qu max. = 60 MeV/c and hence the geometrical condition for such events is T sin ai < 0-43
These conditions are necessary but notTsufficient. 
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events. There are 9 'clean' and 4 'dirty' events which satisfied both the conditions simultaneously, i.e., (1) E E{> 10 GeY and (ii) E sin a* < 0*45.
Some authors10'13 have used the energy limit E Ej > 0'75 E0, where E0 is the energy of the incident pion. We have put the energy limit of 10 GeV due to errors involved in the energy measurements. The events with energy balance in case of clean sample is 33% and is in good agreement with the value 36% obtained in bubble chambers.13
3.3. The distribution in transverse momentum transfer.- Figure 3 shows the qx distribution for all the 9 observed 'clean' events. The total histogram is due to combined data of Caforio et aU and that of the present work. The smooth curve is due to Belenkii7 and is given by
Here the relative contribution of all the emulsion nuclei in proporlion to their geometrical cross-sections have been cons dered. For carbon nuclei the most probable value of q± is 85 MeV/c and 95% of all the events should have qL less than 210 MeV/c. One may stretch the upper limit to 300 MeV/c in order to take into account the errors in the momentum measurements, There is one event out of 9 'clean' events with energy balance which has qx > 300 MeV/c. Out of 4 'dirty' events, there are two events which have qx > 300 MeV/c. After excluding these events one is left with 8 'clean' and 2 'dirty' events which satisfy the above-mentioned condition for the production of coherent events. The maximum value of M* produced by diffraction or Coulomb dis sociation by a nucleus of mass number A and an incident momentum p0 is given by M*max. =~ 1 • 5 GeV.
The lower limit of the invariant mass may be simply the rest mass of the three pions (420 MeV) or it may be the rest mass of p meson and a pion combined (900 MeV). 
Discussion of Results
Out of 471 meters of track length followed, there are eight ' clean' events and two 'dirty' events, which satisfy all the accepted conditions for coherent production. Since out of 45 'dirty' events, there are two events which satisfy all the conditions for coherent events, one may expect that out of these eight events, there is a small contribution (1 -20) of incoherent events. For the maximum 6% contamination due to electrons and muons in the incident beam, we have the total mean free path equal to 65 meters. This value of mean free path is comparable with meters reported by Caforio et al.4 * * * * 9 at almost the same incident energy.
If it were assumed that all these coherent events are due to Coulomb and diffraction dissociation on CNO nuclei only, the cross-section for such process is (6-1 ± 2*3) mb. Further if it were assumed that all the emulsions nuclei contributed equally, the cross-section is (3-4 ± 1-3) mb. and finally if it were assumed that the cross-section is proportional to A*, its value would be (1-4 ±0-5) mb. The cross-section obtained in the case of coherent events produced on carbon nuclei with bubble chamber13 is j mb. and in nuclear emulsions obtained by Caforio et al. 6 7 8 9 is
(1 -7 it 0-5) mb. on the assumption that cross-section is proportional to A*. Therefore, it follows that a majority of these events is due to AgBr nuclei. It has been discussed in Sec. 3.1, that all the events having £ sin a $ <0-22 are mainly attributed to Coulomb dissociation. There are six such events. The remaining two events may be due to diffraction dissociation. The cross-section based upon these events for the diffraction dissociation on CNO nuclei is 1 • 8 mb. and is in good agreement with the value 1 • 7 mb. reported by C. Bellini on carbon nuclei. So one may conclude that the diffraction dissociation takes place on lighter semi-transparent nuclei, whereas the Coulomb dissociation plays a major role in the case of heavier AgBr nuclei.
INTRODUCTION
With the help of nuclear research emulsion, one can investigate the mechanism of pion production at high energies in pion-nucleon and pionmultinucleon interactions. It is interesting to note that the behaviour of pure pion-nucleon events of the type 0 + 0 + ns, 0 +1 +ns with effective target mass Afx less than one nucleon mass is exactly similar to that of events with M'y ^ irrespective of Nh values. One can understand this on the assumption that the incident primary is responsible for the production of fast pions constituting the shower tracks, the subsequent break up of the nucleus by the recoils being almost an independent process.
Recently we have pointed out that the theoretical results of Artykov et al. [1] based upon the internuclear cascade model do not agree with our experimental results [2] concerning inelastic interactions of 17.2 GeV pions with heavy emulsion nuclei. An effect called 'trailing' must be incorporated with the calculations of internuclear cascade developed within the nucleus.
The experimental results based upon the present investigation agree well with the results obtained from proton-nucleus interactions at 22.5 GevS. xhe energy available in the c.m. system in both cases is almost equal.
A stack of Illford G.5 emulsions of the size 23 cm X 15 cm X 600 pm was exposed to the 17.2 ± 0.2 GeV 7r" meson beam at CERN. The average flux was 4 X 104 cm"1 2 and the angular spread in the vertical plane was ± 5 mr. The beam tracks were followed until they interacted or left the plate. The 17.2 GeV 7T~ WITH EMULSION NUCLEI 501 total magnification used for scanning was 1000 X and the scanning rate was 25 cm/h. The total track length followed was 257.7 m and 631 inelastic in teractions were picked up. The energy and angular measurements of shower and grey tracks have been discussed elsewhere [4] .
EXPERIMENTAL RESULTS
Average prong multiplicities
The average multiplicities of heavy, grey, black and shower tracks for these 631 interactions have been reported in The average multiplicity of grey tracks is higher in p-nucleus interac tions than in 77-nucleus interactions. The incident proton in p-nucleus in teraction may emerge out as a grey particle after suffering a number of collisions within the nucleus.
2.2.
Correlation between (lVk)and?zs Fig. 1 shows the (N^) plotted against ns. There exists a linear relation ship between (N^) and ns. Similar variations at 22.5 GeV and 3500 GeV pnucleus interactions have also been shown in the same figure.
The slope for 22.5 GeV p-nucleus interactions and that in the present in vestigation are almost the same. There is a general increase in the slope with decrease in incident energy.
Comparison of single nucleon and multinucleon interactions
On the basis of the effective target mass [7, 8] Table 2 shows the comparative study of various parameters for the three types of events enlisted above. n is the average multiplicity, E and are the mean total energy and mean transvers momentum of secondary particles. E% denotes the total energy of pions in 77-N Csystem and fj denotes the asymmetry parameter defined as (F-B)/(F+B), where F and B are the number of particles moving in forward and backward direction in the c.m. system. 6k is the median angle of shower particles. It is interesting to note that the behaviour of various parameters is sim ilar in case of class A and class C events, whereas class B events behave quite differently. Fig. 2 shows the behaviour of (ns) and fig) versus Mr in case of the 631 pion-nucleus interactions under investigation. There is a linear rise of (ns) and fig) with increase in the effective target mass. Fig. 3 shows the behav iour of the median angle Or versus effective target mass. There again is a linear rise of Mx-
Variation of effective target mass with (ns), (wg), and Or
Results regarding grey tracks
The angular distribution of greys from all stars is highly asymmetric in the lab system. The forward to backward ratio of these tracks in the lab system is 2.1. This forward backward asymmetry has been observed in case of proton-nucleus interactions at 22.5 GeV as well. The average mo mentum and transverse momentum carried by secondary protons (grey tracks) are (590 ± 93) and (438 ± 61) MeV/c respectively.
DISCUSSION OF RESULTS
In the preceding sections we have compared the results based upon pure pion-nucleon events (class C) with the events having Mp ^ irrespective of Nfr values (class A). It is interesting to note that the results regarding mean multiplicity, median emission angles of secondaries, transverse mo mentum, energy and coefficient of inelasticity behave in a similar manner in the above said classes of events. Results based upon multinucleon events are entirely different. One can explain the similar behaviour of class A and class C events on the assumption that the production of mesons and evapo ration of the nucleus are two independent processes. The incoming pion in teracts with a nucleon of the target nucleus, and moves with the ejected nu cleon in an excited compound state which results in the emission of mesons. This process is separated in time from the evaporation of the nucleus which happens at a relatively later stage. Hence the number of mesons and slow prongs boiled off from the residual nucleus is uncorrelated and the behavi our of various parameters listed in table 2 should remain independent of the number of heavy prongs emitted in an interaction, as long as only one nucleon takes part in the interaction. Furthermore, the average multiplici ty for such events having Mp ^ lAfjq-should remain constant irrespective of Nfr values. Fig. 4 shows the variation of (ws) with Nh for all the events having Mp < lil%. It is evident that the average multiplicity remains con stant independent of N^. The general behaviour of (ns) with Nfr for all the 631 events has also been reported.
Various authors [9, 10] have used events with Nfr ^ 6 with only one grey prong due to pure pion-nucleon interactions. We have stressed that the emission of heavy prongs has nothing to do with single pion-nucleon inter action. More important is that the effective target mass should not be more than one nucleon mass. However, it is true that the contribution of events with Mx ^ Mn continues to decrease with increasing ATh values. For events with ^ 1, the number of events with ^ is 88%, whereas for events with Nh ^ 6 its values is 71% and for events with Nh >7, it is not more than 25%.
Recently, we have shown [2] that the calculations of Artykov et al. [1] based upon the internuclear cascade model do not agree with the experi mental results based upon inelastic interactions of 17 GeV pions with heavy emulsion nuclei. The theoretical results are in good agreement with a re stricted sample of interactions having^ 8. The theoretical and experi mental results regarding mean multiplicity of shower and grey tracks, av erage momentum, transverse momentum and median angle of showers have been given in table 3. 
